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1
SPOT WELDING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority from Japanese
Patent Application No. 2011-173687 filed on Aug. 9, 2011,
the entire contents of which are hereby incorporated by ref-
erence.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a spot welding apparatus
that spot-welds a workpiece in the form of a plate assembly
including stacked plates of different rigidities.

2. Description of the Related Art

Generally, a spot welding technique is widely used for
joining stacked plates, such as steel plates. The spot welding
technique involves using a pair of welding electrodes to
clamp and apply a pressing force to the stacked plates, and
applying current between the welding electrodes for a prede-
termined time period.

Referring to FIG. 6A, when spot-welding a workpiece 100
in the form of a plate assembly including three stacked plates,
i.e., a thin plate 101 having a lower rigidity, and a first thick
plate 102 and a second thick plate 103 having a higher rigidity
than the thin plate 101, a movable electrode 111 and a fixed
electrode 112 clamp the workpiece 100 therebetween such
that the thin plate 101 is in tight contact with the first thick
plate 102, and that the first thick plate 102 is in tight contact
with the second thick plate 103. Then, when a power source
113 applies current to the workpiece 100 via the movable
electrode 111 and the fixed electrode 112, the current density
in an electric path between the movable electrode 111 and the
fixed electrode 112 becomes substantially uniform. Thus, a
good nugget is formed that extends from the thin plate 101 to
the second thick plate 103, thereby achieving the required
weld strength.

In actuality, however, when the workpiece 100 is clamped
and pressed between the movable electrode 111 and the fixed
electrode 112, the thin plate 101 having a lower rigidity and
the first thick plate 102 bend upward, causing gaps to form
between the thin plate 101 and the first thick plate 102 as well
as between the first thick plate 102 and the second thick plate
103.

Inthis case, the contact area between the movable electrode
111 and the thin plate 101 is increased due to the bending of
the thin plate 101, whereas the contact area of the joint section
between the thin plate 101 and the first thick plate 102 and the
contact area of the joint section between the first thick plate
102 and the second thick plate 103 are reduced due to the
gaps. Therefore, the current density between the movable
electrode 111 and the fixed electrode 112 at the second thick
plate 103 side becomes higher than that at the thin plate 101
side. This results in a greater local calorific value between the
first thick plate 102 and the second thick plate 103 than
between the thin plate 101 and the first thick plate 102.

As a result, as shown in FIG. 6A, a nugget 105 is first
formed at the joint section between the first thick plate 102
and the second thick plate 103. Then, as shown in FIG. 6B, the
nugget 105 gradually grows so that the thin plate 101 and the
first thick plate 102 are ultimately welded to each other.
However, because the amount of weld penetration between
the thin plate 101 and the first thick plate 102 is small, the
weld strength is poor. Thus, the thin plate 101 may be sepa-
rated from the first thick plate 102, and the welding quality
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varies. This problem becomes prominent particularly when
the thickness of the first thick plate 102 and the thickness of
the second thick plate 103 are increased since the increased
thicknesses make it difficult for the nugget 105 to reach the
joint section between the first thick plate 102 and the thin
plate 101.

Japanese Unexamined Patent Application Publication No.
2003-251469 discloses an example of a spot welding method
as a countermeasure against this problem. Specifically, as
shown in FIG. 7, when spot-welding the workpiece 100
formed or three stacked plates, i.e., the thin plate 101, the first
thick plate 102, and the second thick plate 103, a pressing
force FU of a movable electrode 125 at the thin plate 101 side
is set to be lower than a pressing force FL of a fixed electrode
124 at the second thick plate 103 side. Thus, the contact
resistance between the thin plate 101 and the first thick plate
102 is increased, whereas the contact resistance between the
first thick plate 102 and the second thick plate 103 is reduced.
Accordingly, when current is applied between the movable
electrode 125 and the fixed electrode 124, the calorific value
at the joint section between the thin plate 101 and the first
thick plate 102 is increased, thereby increasing the weld
strength between the thin plate 101 and the first thick plate
102.

FIG. 8 illustrates the configuration of a spot welding appa-
ratus used for implementing this method. Specifically, a spot
welding apparatus 120 is attached to a wrist 116 of a welding
robot 115. The welding robot 115 moves the spot welding
apparatus 120 to each spot welding position of the workpiece
100 supported by a clamper 118 and spot-welds the work-
piece 100.

The spot welding apparatus 120 includes a base 122 that is
vertically movably supported by a linear guide 121. The lin-
ear guide 121 is fixed to a support bracket 117 attached to the
wrist 116. A fixed arm 123 extending downward is provided
on the base 122. The fixed electrode 124 is provided at a distal
end of the fixed arm 123.

A pressure actuator 126 is attached to an upper end of the
base 122 and is configured to move a rod 127 vertically. The
movable electrode 125 is attached to a lower end of the rod
127 so as to face the fixed electrode 124. A servomotor 128 is
attached to an upper end of the support bracket 117. The
servomotor 128 is configured to move the base 122 vertically
by means of a ball screw mechanism.

Based on teaching data stored in advance in a controller
(not shown), the pressing force FU of the movable electrode
125 located at the thin plate 101 side is set to be lower than the
pressing force FL of the fixed electrode 124 (FU<FL).

In order to set the pressing force FU of the movable elec-
trode 125 to be lower than the pressing force FL of the fixed
electrode 124 (FU<FL) in this manner, the controller first
causes the servomotor 128 to move the base 122 upward so as
to bring the fixed electrode 124 into contact with a lower
surface of the workpiece 100, and causes the pressure actua-
tor 126 to move the movable electrode 125 downward so as to
bring the movable electrode 125 into contact with an upper
surface of the workpiece 100. In this case, the pressing force
of'the pressure actuator 126 is uniformly applied to the mov-
able electrode 125 and the fixed electrode 124 via the base
122 and the fixed arm 123.

Subsequently, the base 122 is moved upward by the servo-
motor 128. When the base 122 is moved upward, the pressing
force FL of the fixed electrode 124 increases by an amount
corresponding to the distance of the upward movement of the
base 122, whereby the pressing force FU of the movable
electrode 125 becomes lower than the pressing force FL. of the
fixed electrode 124 (FU<FL).
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As a result, when current is applied between the movable
electrode 125 and the fixed electrode 124, the current density
at the joint section between the thin plate 101 and the first
thick plate 102 becomes high, causing the calorific value to
become relatively higher than the calorific value at the joint
section between the first thick date 102 and the second thick
plate 103. Consequently, a good uniform nugget is formed
that extends from the thin plate 101 to the second thick plate
103, thereby ensuring a high weld strength.

In the above Japanese Unexamined Patent Application
Publication No. 2003-251469, the fixed electrode 124 is
brought into contact with the second thick plate 103 of the
workpiece 100 clamped by the clamper 118, and the movable
electrode 125 is brought into contact with the thin plate 101.
Further, the pressing force FU of the movable electrode 125 is
set to be lower than the pressing force FL of the fixed elec-
trode 124 by moving the base 122 upward. Then, the current
density between the thin plate 101 and the first thick plate 102
becomes relatively higher. Thus, a sufficient calorific value
can be obtained at the joint section between the thin plate 101
and the first thick plate 102, thereby achieving an increased
amount of weld penetration and increased weld strength.

However, when setting the pressing force FU of the mov-
able electrode 125 to be lower than the pressing force FLL of
the fixed electrode 124 by moving the base 122 while the
workpiece 100 is clamped by the clamper 118 and is held and
pressed between the fixed electrode 124 and the movable
electrode 125, a large load is placed on the clamper 118
clamping the workpiece 100. On the other hand, if the
clamped position of the workpiece 100 clamped by the
clamper 118 and the welding position of the workpiece 100
are markedly distant from each other, the workpiece 100
deforms and bends. This causes the pressing force FL of the
fixed electrode 124 and the pressing force FU of the movable
electrode 125 to vary, making it difficult to obtain stable
contact resistance between the thin plate 101 and the first
thick plate 102 and stable contact resistance between the first
thick plate 102 and the second thick plate 103. This may result
in variations in the current density at the joint sections, lead-
ing to reduced spot welding quality.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
provide a spot welding apparatus that can achieve high weld-
ing quality when spot-welding a workpiece in the form of a
plate assembly including stacked plates of difterent rigidities.

According to a first aspect of the present invention, there is
provided a spot welding apparatus including a first welding
electrode, a second welding electrode that is disposed to face
the first welding electrode and is configured to clamp and
press a workpiece together with the first welding electrode,
and control pressing force applicator configured to apply a
control pressing force to the workpiece by bringing a pressing
force applying unit disposed adjacent to the first welding
electrode into contact with the workpiece. Spot welding is
performed by applying current between the first welding elec-
trode and second welding electrode while the workpiece is
clamped and pressed by the first welding electrode and the
pressing force applying unit of the control pressing force
applicator that are in contact with the workpiece, and the
second welding electrode that faces the first welding elec-
trode and is in contact with the workpiece. The control press-
ing force applicator includes a control pressing force apply-
ing arm on which the pressing force applying unit is provided.
The control pressing force applying arm is made of a non-
magnetic material. The control pressing force applicator is
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configured to apply the control pressing force to the work-
piece by bringing the pressing force applying unit provided
on control pressing force applying arm into contact with the
workpiece.

According to the above aspect, a pressing force of the first
welding electrode and a control pressing force of the pressing
force applying unit of the control pressing force applicator are
applied to the workpiece, while a pressing force of the second
welding electrode facing the first welding electrode is applied
to the workpiece. That is, the pressing force of the first weld-
ing electrode is smaller than the pressing force of the second
welding electrode. Accordingly, when current is applied
between the first welding electrode and the second welding
electrode while clamping and pressing a workpiece formed
of, for example, a thin plate having a lower rigidity and first
and second thick plates having a higher rigidity than the thin
plate that are stacked one on another, the current density at a
joint section between the thin plate and the first thick plate is
relatively higher. Thus, a good nugget is formed that extends
from the thin plate to the second thick plate, thereby provid-
ing the workpiece of high welding quality.

On the other hand, when welding is performed, a Large
welding current flows through the first welding electrode and
the second welding electrode, so that a magnetic field is
generated around the first welding electrode and the second
welding electrode. However, since the control pressing force
applying arm disposed close to the first welding electrode and
the second welding electrode is made of a non-magnetic
material, it is possible to prevent occurrence of electromag-
netic induction heating in the control pressing force applying
arm, or minimize the risk of occurrence of electromagnetic
induction heating. Therefore, temperature rise of the control
pressing force applying arm is suppressed, which prevents the
control pressing force applying arm from being affected by
heat. Furthermore, since the temperature rise of the control
pressing force applying arm is suppressed, the control press-
ing force applicator is prevented from being affected by heat
of the control pressing force applying arm. This allows the
control pressing force applicator to operate stably, and
ensures the durability of the control pressing force applicator.
Also, since the temperature of the control pressing force
applying arm is prevented from becoming excessively high,
workability in maintenance and the like is improved.

According to a second aspect of the present invention, in
the spot welding apparatus according to the first aspect, the
control pressing force applicator may include a control press-
ing force applying actuator that has a movable shaft which
moves reciprocally, and the control pressing force applying
arm that has a base end connected to the movable shaft and
has a distal end on which the pressing force applying unit is
provided. The control pressing force applying arm is made of
the non-magnetic material. The control pressing force appli-
cator may be configured to apply the control pressing force to
the workpiece by moving the movable shaft of the control
actuator and thereby bringing the pressing force applying unit
provided on the distal end of the control pressing force apply-
ing arm into contact with the workpiece.

According to the above aspect, since the control pressing
force applying arm is made of a non-magnetic material, it is
possible to prevent occurrence of electromagnetic induction
heating in the control pressing force applying arm, or mini-
mize the risk of occurrence electromagnetic induction heat-
ing. Therefore, temperature rise of the control pressing force
applying arm is suppressed, which prevents the control press-
ing force applying arm from being affected by heat. Further-
more, since the temperature rise of the control pressing force
applying arm is suppressed, the control pressing force apply-
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ing actuator is prevented from being affected by heat of the
control pressing force applying arm. This allows the control
pressing force applicator to operate stably, and ensures the
durability of the control pressing force applicator. Also, since
the temperatures of the control pressing force applying actua-
tor and the control pressing force applying arm of the control
pressing force applicator are prevented from becoming exces-
sively high, workability in maintenance and the like is
improved.

According to a third aspect of the present invention, in the
spot welding apparatus according to the second aspect, the
control pressing force applying arm may include a base end
arm that has a base end connected to the movable shaft and
extends in a direction at an angle with respect to the movable
shaft, an arm that has a base end connected to a distal end of
the base end arm and extends in an axial direction of the first
welding electrode, and a movable receiving unit that has a
base end connected to a distal end of the arm and has a distal
end on which the pressing force applying unit is provided.
The movable receiving unit may be made of a non-magnetic
material.

According to a fourth aspect of the present invention, in the
above-described spot welding apparatus according to the sec-
ond aspect, the control pressing force applying arm may
include a base end arm that has a base end connected to the
movable shaft and extends in a direction at an angle with
respect to the movable shaft, an arm that has a base end
connected to adistal end of the base end arm and extends in an
axial direction of the first welding electrode, and a movable
receiving unit that has a base end connected to a distal end of
the arm and has a distal end on which the pressing force
applying unit is provided. The arm may be made of a non-
magnetic material. The movable receiving unit may be made
of'a non-magnetic material.

The third and fourth aspects illustrate exemplary configu-
rations of the control pressing force applying arm. Since the
control pressing force applying arm has an angular C shape
formed of the base end arm, the arm, and the movable receiv-
ing unit, and since the receiving unit is provided at the distal
end of the movable receiving unit, the control pressing force
applying arm is prevented from coming into contact with the
workpiece when positioning the spot welding apparatus at the
welding position of the workpiece. This makes it possible to
improve the workability. Further, since the movable receiving
unit and the arm, which are disposed close to the first welding
electrode and the second welding electrode around which a
magnetic field is generated during a welding process, are
made of a non-magnetic material, or since only the movable
receiving unit is made of a non-magnetic material, it is pos-
sible to prevent or minimize the risk of occurrence of elec-
tromagnetic induction heating in the control pressing force
applying arm. This also makes it possible to reduce the manu-
facturing cost of the control pressing force applying arm.

According to a fifth aspect of the present invention, in the
spot welding apparatus according to any one of the second
through fourth aspects, the control pressing force applying
arm may have an outer surface having a corrugated heat
transfer structure. According to this above aspect, since the
outer surface of the control pressing force applying arm has a
corrugated heat transfer structure, heat transfer from the con-
trol pressing force applying arm is promoted. Accordingly,
temperature rise of the control pressing force applying arm is
further suppressed.

According to a sixth aspect of the present invention, in the
above-described spot welding apparatus according to any one
of'the second through fifth aspects, the non-magnetic material
may include a non-magnetic stainless steel. The sixth aspect
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illustrates an example of the non-magnetic material. Use of a
non-magnetic stainless steel having high rigidity and high
corrosion resistance can ensure the rigidity of the control
pressing force applying arm and improve the durability.
According to a seventh aspect of the present invention, the
spot welding apparatus according to any one of the first
through sixth aspects, the control pressing force applying arm
may include a water passage in which cooling water flows and
may be cooled by the cooling water. According to this aspect,
since the control pressing force applying arm is cooled by the
cooling water, temperature rise of the control pressing force
applying arm is further suppressed, which prevents the con-
trol pressing force applying arm from being affected by heat.
Furthermore, since the temperature rise of the control press-
ing force applying arm is suppressed, the control pressing
force applying actuator is prevented from being affected by
heat of the control pressing force applying arm. This allows
the control pressing force applicator to operate stably, and
ensures the durability of the control pressing force applicator.
According to an embodiment of the present invention, a
pressing force of the first welding electrode and a control
pressing force of the pressing force applying unit are applied
to the workpiece, while a pressing force of the second weld-
ing electrode facing the first welding electrode is applied to
the workpiece. The pressing force of the first welding elec-
trode is smaller than the pressing force of the second welding
electrode. Accordingly, the welding quality of the workpiece
formed of stacked plates of different rigidities is improved.
Meanwhile, since the control pressing force applying arm
disposed close to the first welding electrode and the second
welding electrode is made of a non-magnetic material, it is
possible to prevent occurrence of electromagnetic induction
heating in the control pressing force applying arm. Therefore,
temperature rise of the control pressing force applying arm is
suppressed, which prevents the control pressing force apply-
ing arm from being affected by heat. Furthermore, the control
pressing force applicator prevented from being affected by
heat of the control pressing force applying arm. This allows
the control pressing force applicator to operate stably, and
ensures the durability of the control pressing force applicator.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating the configuration of a spot
welding apparatus according to a first embodiment;

FIG. 2 is an enlarged perspective view illustrating a part
indicated by Il in FIG. 1;

FIG. 3 is a view taken in the direction of the arrow III in
FIG. 2;

FIGS. 4A through 4C are schematic operational diagrams;

FIG. 5 is a diagram illustrating the configuration of a spot
welding apparatus according to a second embodiment;

FIGS. 6A and 6B are diagrams schematically illustrating a
spot welding process according to related art;

FIG. 7 is a diagram schematically illustrating the spot
welding process according to the related art; and

FIG. 8 is a diagram schematically illustrating the spot
welding process according to related art.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment
A first embodiment of the present invention will be

described with reference to FIGS. 1 through 40 FIG. 1 is a
diagram illustrating the configuration of a spot welding appa-
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ratus 1. FIG. 2 is an enlarged perspective view illustrating a
part indicated by II in FIG. 1. FIG. 3 is a view taken in the
direction of the arrow I1I in FIG. 2. FIGS. 4A through 4C are
schematic operational diagrams. In the following description
of'the spot welding apparatus 1, for purposes of simplicity of
explanation, the upward and downward directions in FIG. 1
are defined as the upward and downward directions ofthe spot
welding apparatus 1, respectively.

Before describing the spot welding apparatus 1, a work-
piece 100 will be described first. Referring to FIGS. 2 and 3,
the workpiece 100 is a three-plate assembly formed by stack-
ing a thin plate over one of two stacked thick plates. More
specifically, the workpiece 100 includes a thin plate 101 hav-
ing a lower rigidity, and a first thick plate 102 and a second
thick plate 103 having a greater thickness and a higher rigidity
than the thin plate 101 that are stacked in this order from the
bottom.

The spot welding apparatus 1 includes a rectangular base 3
attached to a wrist of a welding robot (not shown) with an
equalizer interposed therebetween, and a downwardly open
angular C-shaped support bracket 2 having a pair of opposing
sides that are formed by bending and extend downward from
the opposite sides 4 of the base 3. A fixed arm 10, a pressure
actuator 20, control pressing force applicator 30, and a weld-
ing transformer 40 are attached to and supported by the sup-
port bracket 2.

The fixed arm 10 includes a fixed arm main body 11
extending downward and having a base end connected
between lower ends of the opposite sides 4 of the support
bracket 2, and an electrode holding unit 12 formed at a distal
end of the fixed arm main body 11 and bending in an L shape.
A fixed electrode 15 serving as a first welding electrode is
attached, with a tip end 15a facing upward, to the electrode
holding unit 12.

The pressure actuator 20 includes a servomotor 21 and a
linear motion unit 22 formed of a ball screw feed mechanism
or the like. A rod of the linear motion unit 22 is reciprocated
vertically by the servomotor 21. An electrode arm 23 is
attached to a lower end of the rod of the linear motion unit 22.
A movable electrode 25 serving as a second welding elec-
trode is disposed at a distal end of the electrode arm 23. The
movable electrode 25 is arranged coaxially with the fixed
electrode 15 on the fixed arm 10, i.e., is arranged on a central
axis L, so as to face the fixed electrode 15. Thus, the movable
electrode 25 is moved by the servomotor 21 of the pressure
actuator 20 along the central axis L. between a retracted posi-
tion defined as an upper movement end which is located
above and away from the fixed electrode 15 and a pressing
force applying position where the movable electrode 25
clamps the workpiece 100 together with the fixed electrode 15
and applies a pressing force to the workpiece 100. This press-
ing force is dependent on the rotation torque of the servomo-
tor 21. Accordingly, the pressing force of a desired magnitude
can be obtained by controlling the rotation torque of the
servomotor 21.

The control pressing force applicator 30 includes a control
pressing force applying actuator 31, which includes a servo-
motor 32 and a linear motion unit 33 formed of a ball screw
feed mechanism or the like. The servomotor 32 is attached to
a base plate 6 provided on an angular shaped attachment
bracket 5. The attachment bracket 5 has opposite ends con-
nected to the corresponding opposite sides 4 of the support
bracket 2. A rod of the linear motion unit 33 is vertically
reciprocated by the servomotor 32, so that a pair of movable
shafts 34a and 345, which are provided on a distal end of the
rod and are spaced apart from and face each other, are recip-
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rocated. A control pressing force applying arm 35 is attached
to distal ends of the movable shafts 34a and 345.

The control pressing force applying arm 35 includes a base
end arm 36, an arm 37, and a movable receiving unit 38. The
base end arm 36 has a base end connected to the distal ends of
the movable shafts 34a and 345, and extends in a substantially
horizontal direction at an angle with respect to the movable
shafts 344 and 345. The arm 37 has a base end connected to a
base end 36A of the base end arm 36 and extends downward
in an axial direction of the fixed electrode 15, i.e., the direc-
tion of the central axis L. The movable receiving unit 38 has
a base end connected to a distal end of the arm 37, extends in
the direction ofthe central axis L, and has a distal end at which
areceiving unit 39 serving as a pressing force applying unit is
provided.

The base end arm 36 is a substantially U-shaped plate, and
includes the base end 36 A and attachment arms 36B and 36C.
The attachment arms 36B and 36C branched from the base
end 36A extend so as to face each other with the electrode arm
23 therebetween, and have distal ends connected to the distal
ends of the movable shafts 34a and 345, respectively, with
bolts 36a.

The arm 37 includes an arm main body 37A that is a
rectangular plate extending vertically along the central axis L
between the fixed arm 10 and the electrode arm 23, an upper
attachment flange 37B formed by bending at an upper end
defining a base end of the arm main body 37A, and a lower
attachment flange 37C formed by bending at a lower end
defining a distal end of the arm main body 37A. The upper
attachment flange 37B is jointed to a lower surface of the base
end 36A of the base end arm 36 and is connected thereto with
bolts 37a.

The movable receiving unit 38 is a rectangular plate that
has a base end 38A connected to the lower attachment flange
37C of the arm 37 with bolts 384 and that extends in the
direction of the central axis L. A receiving unit 39 is provided
at a distal end 38B of the movable receiving unit 38. The
receiving unit 39 is coaxial with the central axis L, has a distal
end 39a projecting upward, and has a semicircular cross-
sectional shape, i.e., a semi-cylindrical shape that allows the
fixed electrode 15 to extend therethrough.

Further, the base end arm 36, the arm 37, and the movable
receiving unit 38 are formed of a non-magnetic material,
including non-magnetic stainless steels having high rigidity
and high corrosion resistance such as SUS304 and SUS316,
so as to ensure the rigidity of the control pressing force
applying arm 35 and improve the durability. Furthermore, the
outer surfaces of the base end arm 36, the arm 37, and the
movable receiving unit 38, except at joint sections therebe-
tween, have a heat transfer structure such as a corrugated
pattern and a radiation fin.

The control pressing force applying arm 35 having the
configuration as described above is moved by the servomotor
32 along the central axis L. between a retracted position where
the distal end 39a of the receiving unit 39 provided at the
distal end of the control pressing force applying arm 35 is
located below the tip end 154 of the fixed electrode 15 and a
control pressing force applying position where the control
pressing force applying arm 35 is in contact from below with
the workpiece 100 clamped between the fixed electrode 15
and the movable electrode 25 and applies a control pressing
force Fauto the workpiece 100. This control pressing force Fa
is dependent on the rotation torque of the servomotor 32.
Accordingly, the control pressing force Fa of a desired mag-
nitude can be obtained by controlling the rotation torque of
the servomotor 32.
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The welding transformer 40 serving as the power source
has an output terminal electrically connected to the fixed
electrode 15 through a bus bar, the fixed arm 10, etc., and the
other output terminal electrically connected to the movable
electrode 25 through a bus bar, the electrode arm 23,

Further, a welding-robot controller (not shown) stores
teaching data for the welding robot. The teaching data con-
tains an operation program for sequentially spot-welding the
welding spots of the workpiece 100, and the position and
orientation of the spot welding apparatus 1 at each welding
spot, i.e, at each welding position. A welding controller (not
shown) contains an operation program for the spot welding
apparatus 1 and controls operations of the pressure actuator
20, the control pressing force applicator 30, and the welding
transformer 40.

Next, operations of the spot welding apparatus 1 will be
described with reference to schematic operational diagrams
of FIGS. 1A through 1C.

When spot-welding the workpiece 100 formed of three
plates including the thin plate 101, the first thick plate 102,
and the second thick plate 103 which are stacked in that order
from the bottom, in accordance with a preset program, the
movable electrode 25 is held at its retracted Position away
from the fixed electrode 15 and the receiving unit 39 of the
control pressing force applicator 30 is held at its retracted
position as shown in FIG. 1. Then, the robot controller actu-
ates the welding robot so as to position the spot welding
apparatus 1 such that the tip end 15a of the fixed electrode 15
comes into contact with a spot welding position, a welding
position of the workpiece 100, as shown in FIG. 4A.

Since the control pressing force applying arm 35 has an
angular C shape formed of the base end arm 36, the arm 37,
and the movable receiving unit 38, and since the receiving
unit 39 is provided at the distal end of the control pressing
force applying arm 35, the control pressing force applying
arm 35 is prevented from coming into contact with the work-
piece 100. Therefore, it is possible to easily position the spot
welding apparatus 1 such that the tip end 15a of the fixed
electrode 15 comes into contact with the soot welding posi-
tion of the workpiece 100. This makes it possible to improve
the workability.

As shown in FIG. 5A; when the spot welding apparatus is
positioned at the welding position, the tip end 15a of the fixed
electrode 15 is in contact with the thin plate 101 of the work-
piece 100 from below. On the other hand, a tip end 254 of the
movable electrode 25 faces the second thick plate 103 with a
gap therebetween, and the distal end 394 of the receiving unit
39 faces the thin plate 101 with a gap therebetween.

Subsequently, as shown in FIG. 4B, while having the fixed
electrode 15 in contact with the thin plate 101 of the work-
piece 100, the movable electrode 25 is moved by the servo-
motor 21 of the pressure actuator 20 from the retracted posi-
tion to the pressing force applying position, i.e., toward the
fixed electrode 15, so as to be in contact with she second thick
plate 103 from above. The servomotor 21 is further driven
such that the torque reaches a predetermined level, whereby
the movable electrode 25 is brought into pressure contact with
the second thick plate 103. Thus, the pressing force the pres-
sure actuator 20 is applied to the movable electrode 25 and the
fixed electrode 15 via the fixed arm 10, whereby the weld
section of the workpiece 100 is clamped and pressed between
the movable electrode 25 and the fixed electrode 15.

Meanwhile, the rod of the linear motion unit 33 is moved
upward by the servomotor 32 of the control pressing force
applicator 30, whereby the movable shafts 34a and 346 and
the control pressing force applying arm 35 are moved such
that the receiving unit 39 provided at the distal end of the
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control pressing force applying arm 35 moves from the
retracted position to the control pressing force applying posi-
tion where the distal end 39a is located adjacent to the fixed
electrode 15 and is in pressure contact with the thin plate 101
of the workpiece 100 from below.

The servomotor 32 is further driven such that the torque
reaches a predetermined level, whereby the receiving unit 39
is brought into pressure contact with the thin plate 101 so as
to apply a control pressing force Fa. to the thin plate 101.

When the control pressing force Fa. is applied to the work-
piece 100 from below by the receiving unit 39 located adja-
cent to the fixed electrode 15 while clamping and pressing the
workpiece 100 between the fixed electrode 15 and the mov-
able electrode 25 in the manner as described above, the press-
ing force FU of the movable electrode 25 is applied to the
second thick plate 103 of the workpiece 100 from above,
whereas the pressing force FL of the fixed electrode 15 and
the control pressing force Fau of the receiving unit 39 are
applied side-by-side to the thin plate 101, as shown in FIG.
4C.

In this case, as schematically shown in FIG. 4C, the press-
ing force of the pressure actuator 20 is applied to the movable
electrode 25 via the electrode arm 23, etc., and is also applied
to the fixed electrode 15, facing the movable electrode 25, via
the fixed arm 10. Meanwhile, an urging force of the servo-
motor 32 of'the control Pressing force applicator 30 is applied
to the receiving unit 39 via the control pressing force applying
arm 35, etc. The pressing force FU of the movable electrode
25 applied to the second thick plate 103 from above is equal
to the sum of the pressing force FL of the fixed electrode 15
and the control pressing force Fa of the receiving unit 39 that
are applied to the thin plate 101 from below (FU=FL+Fc).

Consequently, the workpiece 100 is stably held with the
pressing force FU of the movable electrode 25 that is applied
to the second thick plate 103 from above, the pressing force
FL of the fixed electrode 15 and the control pressing force Fa
of the receiving unit 39 that are applied to the thin plate 101
from below.

On the other hand, in the weld section of the workpiece
100, the Pressing force FU is applied to the second thick plate
103 by the movable electrode 25, whereas the pressing force
FL and the control pressing force Fa. are applied to the thin
plate 101 by the fixed electrode 15 and the receiving unit 39,
respectively. That is, the Pressing force FL of the fixed elec-
trode 15 applied to the thin plate 101 is equal to a pressing
force obtained by subtracting the control pressing force Fo.of
the receiving unit 39 from the pressing force FU of the mov-
able electrode 25 (FL=FU-Fa).

When the pressing force FL. of the fixed electrode 15
applied to the thin plate 101 side is set to be lower than the
pressing force FU of the movable electrode 25 applied to the
second thick plate 103 side (FL<FU) as described above, the
contact pressure at the joint section between the thin plate 101
and the first thick plate 102 becomes less than the contact
pressure at the joint section between the first thick plate 102
and the second thick plate 103. Consequently, the contact
resistance between the thin plate 101 and the first thick plate
102 becomes relatively higher, whereas the contact resistance
between the first thick plate 102 and the second thick plate
103 becomes relatively lower.

Subsequently, while the workpiece 100 is clamped and
pressed between the movable electrode 25 and a combination
of' the fixed electrode 15 and the receiving unit 39 and while
the pressing force FL of the fixed electrode 15 located at the
thin plate 101 side is set to be lower than pressing force FU of
the movable electrode 25 located at the second thick plate 103
side, welding is performed by applying current between the
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movable electrode 25 and the fixed electrode 15 from the
welding transformer 40 for a predetermined time period.

When current is applied between the movable electrode 25
and the fixed electrode 15, the contact resistance at the joint
section between the thin plate 101 and the first thick plate 102
becomes relatively higher, making the current density greater,
whereas the contact resistance between the first thick plate
102 and the second thick plate 103 remains small. Thus, the
calorific value at the joint section between the thin plate 101
and the first thick plate 102 becomes relatively higher than the
calorific value at the joint section between the first thick plate
102 and the second thick plate 103. Consequently, a good
nugget is formed that extends from the thin plate 101 to the
second thick plate 103 without a variation in the current
density, the ensuring the weld strength of the thin plate 101.

On the other hand, when welding is performed, a Large
welding current flows through the movable electrode 25 and
the fixed electrode 15, so that a magnetic field is generated
around the movable electrode 25 and the fixed electrode 15.
Since the base end arm 36, the arm 37, and the movable
receiving unit 38 of the control pressing force applying arm
35 disposed close to the movable electrode 25 and the fixed
electrode 15 are made of a non-magnetic material such as a
non-magnetic stainless steel, it is possible to event occurrence
of electromagnetic induction heating in the control pressing
force applying arm 35, or reduce the risk of occurrence of
electromagnetic induction heating. Furthermore, the outer
surfaces of the base end arm 36, the arm 37, and the movable
receiving unit 38 have a heat transfer structure including a
corrugated pattern. Therefore, temperature rise of the control
pressing force applying arm 35 is suppressed, which prevents
the control pressing force applying arm 35 from being
affected by heat. Furthermore, since the temperature rise of
the control pressing force applying arm 35 is suppressed, the
control pressing force applying actuator 31 including the
linear motion unit 33 and the servomotor 32 is prevented from
being affected by heat of the control pressing force applying
arm 35. This allows the control pressing force applicator 30 to
operate stably, and ensures the durability of the control press-
ing force applicator 30. Also, since the temperature of the
control pressing force applicator 30 is prevented from becom-
ing excessively high, operators are prevented from being
injured by heat, and therefore workability in maintenance and
the like is improved.

It should be noted that, if needed, the movable receiving
unit 38 and the arm 37, which are disposed close to the
movable electrode 25 and the fixed electrode 15 and might be
affected by a magnetic field during a welding process, may be
made of a non-magnetic material, or only the movable elec-
trode 25 may be made of a non-magnetic material. In this
case, itis possible to reduce the manufacturing cost of the spot
welding apparatus 1.

Second Embodiment

Next, a second embodiment of the present invention will be
described with reference to FIG. 5. In this embodiment, a
structure that cools the control pressing force applying arm 35
of'the first embodiment with use of cooling water is provided.
Other components of this embodiment are the same as those
of'the firstembodiment and are denoted by the same reference
numerals, and detailed descriptions thereof will be omitted.

FIG. 5 is a diagram corresponding to FIG. 3. As schemati-
cally shown in FIG. 5, a water passage 51 is formed inside the
arm 37 of the control pressing force applying arm 35. The
water passage 51 has a water inlet 51a and a water outlet 515
in the outer peripheral surface of the arm 37. A plug 52
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serving as a connection member for connection to a supply
pipe 54 for supplying cooling water is attached to the water
inlet 51a, while a plug 53 serving as a connection member for
connection to a discharge pipe 55 is attached to the water
outlet 515. The supply pipe 54 is connected to a cooling water
supply pump or the like that serves as the cooling water
supply source, while the discharge pipe 55 is connected to a
cooling water collecting unit.

Thus, a cooling water circulation path is formed in which
cooling water is supplied from the supply pipe 54 through the
water inlet 51a, flows through the water passage 51 in the arm
37, and is discharged from the water cutlet 5154 into the
discharge pipe 55. The cooling water cools the arm 37 while
flowing through the water passage 51 extending from the
water inlet 51a side to the water outlet 515.

When the arm 37 is cooled, the movable receiving unit 38
and the base end arm 36 connected to the arm 37 are cooled,
so that the entire control pressing force applying arm 35 is
cooled. Accordingly, the control pressing force applying arm
35 is prevented from being affected by heat, more reliably
than in the first embodiment. Furthermore, since the control
pressing force applying arm 35 is cooled, the control pressing
force applying actuator 31 including the linear motion unit 33
and the servomotor 32 is prevented from being affected by
heat of the control pressing force applying arm 35. This
allows the control pressing force applicator 30 to operate
stably, and ensures the durability of the control pressing force
applicator 30.

It should be noted that, in addition to the arm 37, or in place
of the arm 37, a similar water passage may be formed in the
movable receiving unit 38 and/or the base end arm 36 so as to
cool the movable receiving unit 38 and/or the base end arm 36
by circulation of cooling water.

It should be noted that the present invention is not Limited
to the foregoing embodiments, and various modifications
may be made without departing from the scope of the present
invention. For example, although the receiving unit 39 has a
semi-cylindrical shape in the above embodiments, the receiv-
ing unit 39 may be formed in a cylindrical shape or may be a
projection. Further, although the control pressing force apply-
ing arm 35 is formed by connecting the base end arm 36, the
arm 37, and the movable receiving unit 38 to one another in
the above embodiments, these parts may not be formed as
separate parts but may be formed as a single part.

What is claimed is:

1. A spot welding apparatus comprising:

a first fixed welding electrode;

a second movable welding electrode which is moved by a
pressure actuator, and the second movable welding elec-
trode is disposed to face the first fixed welding electrode
and configured to clamp and press at least three work-
pieces together with the first fixed welding electrode;
and

a control pressing force applicator configured to apply a
control pressing force to a workpiece of the at least three
workpieces by bringing a pressing force applying unit
disposed adjacent to the first fixed welding electrode
into contact with a lower surface of a thinnest workpiece
of the at least three workpieces;

wherein spot welding is performed by applying current
between the first fixed welding electrode and the second
movable welding electrode while the workpiece is
clamped and pressed by the first fixed welding electrode
that is in contact with the workpiece, the pressing force
applying unit of the control pressing force applicator
that is in contact with the workpiece, and the second



US 9,186,747 B2

13

movable welding electrode that faces the first fixed
welding electrode and is in contact with the workpiece;
and

wherein the control pressing force applicator includes:

a control pressing force applying actuator that has a
movable shaft which moves reciprocally; and

a control pressing force applying arm that comprises a
non-magnetic material and includes:

a base end arm that has a base end connected to the
movable shaft and extends in a direction at an angle
with respect to the movable shaft;

the base end arm is formed of a U-shaped plate sur-
rounding only half of the second movable welding
electrode and has a semi-circular cross-section
shape that allows the second movable welding elec-
trode to move therethrough;

a pair of ends of the U-shaped plate of the base end
arm are each connected to the movable shaft which
extends below the actuator;

an arm that has a base end connected to a distal end of
the base end arm and extends in an axial direction
of the first fixed welding electrode;

amovable receiving unit that has a base end connected
to a distal end of the arm and has a distal end on
which the pressing force applying unit is provided;
and

wherein the control pressing force applicator is configured

to apply the control pressing force to the workpiece by
moving the movable shaft of the control pressing force
applying actuator and thereby bringing the pressing
force applying unit provided on the distal end of the arm
into contact with the workpiece.

2. The spot welding apparatus according to claim 1,
wherein the arm comprises a non-magnetic material.

3. The spot welding apparatus according to claim 1,
wherein the control pressing force applying arm has an outer
surface having a corrugated heat transfer structure.

4. The spot welding apparatus according to claim 2,
wherein the control pressing force applying arm has an outer
surface having a corrugated heat transfer structure.

5. The spot welding apparatus according to claim 1,
wherein the non-magnetic material includes a non-magnetic
stainless steel.

6. The spot welding apparatus according to claim 2,
wherein the non-magnetic material includes a non-magnetic
stainless steel.

7. The spot welding apparatus according to claim 3,
wherein the non-magnetic material includes a non-magnetic
stainless steel.

8. The spot welding apparatus according to claim 4,
wherein the non-magnetic material includes a non-magnetic
stainless steel.
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9. The spot welding apparatus according to claim 1,
wherein the control pressing force applying arm includes a
water passage in which cooling water flows and is cooled by
the cooling water.

10. The spot welding apparatus according to claim 2,
wherein the control pressing force applying arm includes a
water passage in which cooling water flows and is cooled by
the cooling water.

11. The spot welding apparatus according to claim 3,
wherein the control pressing force applying arm includes a
water passage in which cooling water flows and is cooled by
the cooling water.

12. The spot welding apparatus according to claim 4,
wherein the control pressing force applying arm includes a
water passage in which cooling water flows and is cooled by
the cooling water.

13. The spot welding apparatus according to claim 5,
wherein the control pressing force applying arm includes a
water passage in which cooling water flows and is cooled by
the cooling water.

14. The spot welding apparatus according to claim 6,
wherein the control pressing force applying arm includes a
water passage in which cooling water flows and is cooled by
the cooling water.

15. The spot welding apparatus according to claim 7,
wherein the control pressing force applying arm includes a
water passage in which cooling water flows and is cooled by
the cooling water.

16. The spot welding apparatus according to claim 8,
wherein the control pressing force applying arm includes a
water passage in which cooling water flows and is cooled by
the cooling water.

17. The spot welding apparatus according to claim 1,
wherein the base end arm extends in a horizontal direction at
an angle with respect to the movable shaft.

18. The spot welding apparatus according to claim 1,
wherein the movable receiving unit of the control pressing
force applying arm includes a water passage in which cooling
water flows and is cooled by the cooling water.

19. The spot welding apparatus according to claim 1,
wherein the base end arm of the control pressing force apply-
ing arm includes a water passage in which cooling water flows
and is cooled by the cooling water.

20. The spot welding apparatus according to claim 2,
wherein the control pressing force applying arm includes a
water passage in which cooling water flows and is cooled by
the cooling water,

wherein the movable receiving unit of the control pressing

force applying arm includes a water passage in which
cooling water flows and is cooled by the cooling water,
and

wherein the base end arm of the control pressing force

applying arm includes a water passage in which cooling
water flows and is cooled by the cooling water.
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